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A C C E P T E D M
A N U S C R I P T around the world even from distant locations and different altitudes, such as Mediterranean coastal salterns and Peruvian Altiplano salterns [63] . Furthermore, sequences related to the phylotypes have been detected in several culture-independent surveys from different locations, such as Tuz Lake in Turkey [43] , lakes in the Tibetan plateau [74] , the Argentinian Pampa [18] , or Lake Tyrrell in Australia [54] .
High-throughput culturing in tandem with MALDI-TOF MS screening and 16S rRNA identification of isolates from hypersaline systems is a robust strategy for retrieving rare taxa from environmental samples [70] . Using this strategy, the pure cultures of two strains corresponding to the Sal. ruber EHB-2 phylotype are described in this current study together with members of a new species of Salinibacter thriving in hypersaline lakes of the Argentinian Altiplano. The genomes of these strains, together with the type strains of Salinivenus, were sequenced and compared with the available Rhodothermaeota genomes to reveal new genomic features of this extremely halophilic lineage.
Materials and Methods

Strains and name abbreviations
Reference strains of Sal. ruber M31 T and M8 were obtained from our strain collection, and the type strains of Slv. iranica (CB7   T   ) and Slv. lutea (DGO   T   ) were provided by the co-author M.
Amoozegar from his collection. In order to simplify the identification of the names, a three letter abbreviation was used, which was already commonly used for Halobacteria in accordance with the recommendation made by the International Committee on Systematic Bacteriology, Subcommittee on Taxonomy of Halobacteriaceae [46] as: Salinibacter = Sal.; Salinivenus = Slv.; Salisaeta = Sat.; and Rhodothermus = Rho.
Sample processing and strains studied
Two different athalassohaline salt lakes (Ojo Rojo in Antofalla and Salar de Llullialliaco), both located in the Argentinian Altiplano at altitudes above 3,600 m, were sampled in February 2011
( Table 1 ). The salinity of the brines was 34% and the pH was 7. Cultures were obtained using salt water medium (SW) at a salt concentration of 25% [61] . The isolated strains were screened by MALDI-TOF MS (Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry) using whole cell biomass, as previously published [70] . An in-house MALDI-TOF profile database was used to generate a dendrogram and detect new Salinibacter isolates. 16S
rRNA gene PCR amplification of the isolates was performed as previously published [70] . The two strains ST67 and SP273 had been isolated previously in a survey from the Trinitat (Tarragona, Spain) and Santa Pola (Alicante, Spain) solar salterns, respectively [70] . The type strains of Slv. iranica and Slv. lutea (CB7 T and DGO T , respectively) were added to the genome sequencing strategy. For the global comparisons, the genomes of the already characterized
Sal. ruber M31 T and M8 strains, and Salisaeta longa S4-4 T were incorporated (Table 1) .
A C C E P T E D M
A N U S C R I P T
DNA extraction and genome assembly analysis
DNA extraction was performed as detailed by Urdiain et al. [67] and different methods of sequencing were used: Illumina Miseq (PE 300x2), Illumina Hiseq (PE 100x2), Roche GS FLX and Pacific Biosciences PacBio RS (Table 2 ). Illumina and Roche GS FLX reads were trimmed with a PHRED score quality threshold of 20 using SolexaQA v3.1.4 [14] . Different assembly softwares were used for each sequencing platform. Genomes sequenced by Illumina MiSeq were assembled using IDBA v1.1.1 [48] and by Illumina HiSeq using Velvet v1.0.13 [73] . A hybrid assembly methodology was used for assembling strain ST67, sequenced by Roche and PacBio: trimmed sequences from Roche were assembled using SPADES v.3.1.1 [6] and then ordered by using the long read information from the PacBio backbone using SSPACELongReads v1.1 [9] . Gene prediction from assembled contigs was conducted by using GeneMark.hmm with default parameters [8] , and functional annotation was based on protein level searches against NCBI databases with Blast2Go v3.0.10 [13] . The annotations were compared with the RAST annotation, and metabolic pathways were analyzed using KAAS-KEGG [41] . CRISPR spacers were predicted in the genomes using CRISPRfinder [25] .
Tree reconstructions based on rRNA and housekeeping genes
16S rRNA gene sequences were retrieved from the genomes and the alignments, and tree reconstructions were performed using the ARB software package version 5.5 [32] . The new sequences were added to the reference dataset LTP115 [72] and aligned using the SINA v1.2.12 tool (SILVA Incremental Aligner [55] ) implemented within the ARB software package.
Final alignments were manually improved following the reference alignment in ARB-editor.
Sequences were used to reconstruct de novo trees using the neighbor-joining algorithm. 23S
rRNA gene sequences and multilocus sequence analysis (MLSA) with 29 single-copy genes were also extracted from assembled genomes. The 23S rRNA genes were added to the LSURef 115 SILVA dataset, and selected sequences were aligned using the SINA aligner implemented in ARB-editor. The MLSA genes selected in this study were the same as those used in the revised phylogeny of Bacteroidetes [42] . MLSA genes were aligned individually using MUSCLE v3.8.31 [21] and were concatenated posteriorly. The neighbor-joining (NJ) [64] and RaxML v8.2.0 [66] algorithms were used for phylogenetic reconstructions as implemented in ARB. Tree reconstructions with NJ were performed using the Jukes Cantor correction, and
RaxML reconstructions with the GTRGAMMA correction.
Core and pan-genome analysis; phylogenetic reconstruction
Predicted protein sequences were compared using an all-versus-all BLAST v2.2.28 [1] with available reference sequences in order to identify the shared reciprocal best matches in all pairwise genome comparisons using a 50% sequence similarity cut-off and over 50% or more of the query sequence length. All proteins shared between all sequenced genomes were aligned using MUSCLE v3.8.31 [21] . The concatenated and aligned orthologous genes were used to build phylogenetic trees in RAxML v8.2.0 [66] . The variable genes were defined as those
present in two or more genomes but not in all genomes. The presence or absence of variable genes was used to cluster the genomes with the Euclidian distance using the Ggplot2 package from R [71] .
Synteny regions
Assembled contigs were sorted using Mauve Contig Mover [58] . Maximum unique matches with a minimum cluster length of 20 nucleotides were calculated using the NUCmer function from the MUMer package v3.0. Regions of synteny were identified by the visualization of the data using
MUMmerplot [31] .
ANI and AAI computation
The average nucleotide identity (ANI) and the average amino acid identity (AAI) between all genomes were determined according to Konstantinidis and Tiedje [28] using the webserver available at http://enve-omics.gatech.edu/ [60] . AAI values were calculated using core-genome genes after comparing all the genomes from the family Salinibacteraceae and adding the Rhodothermus marinus DSM 4252 T genome.
Physiological and biochemical tests
The following tests were performed as outlined by Cowan and Steel's Manual for the Identification of Medical Bacteria [7] : catalase, oxidase, anaerobic growth in the presence of arginine and DMSO; hydrolysis of Tween 20 and DNA, casein, gelatin and starch; arginine dihydrolase, lysine decarboxylase, tryptophanase and ornithine decarboxylase activities;
methyl-red and Voges-Proskauer reactions; H2S production, gas formation with nitrate.
Physiological tests were performed with SW or MGM broth or agar medium. Broth cultures were incubated in an orbital incubator at 250 r.p.m. Growth kinetics were followed using OD600 versus time graphs produced from measurements in an Eppendorf biophotometer. Optimum temperatures were tested between 20 to 60 ºC. The pH optimum was determined between 5 and 9. The pH of the medium was adjusted by 50 mM MES (pH 5-6.5), HEPES (pH 7-8) and CHES (8.5-9) buffers. Pigments were obtained by using methanol/acetone (1:1, v/v) as an extraction solution after the addition of cell pellets. Acid production from carbohydrates (0.1%, w/v) was determined in unbuffered MGM broth (pH 7.5) by measuring the initial and final pH of the medium. A culture was considered positive for acid production if the pH decreased by at least 1 pH unit. The test was also repeated with the same medium and 0.001% phenol red pH indicator. To test for carbon source utilization (1%, w/v) peptone was omitted from the MGM broth (pH 7.5) and the yeast extract concentration was reduced to 0.1 g L -1 . The absorption spectra of the strains were obtained using a HITACHI U-2900 spectrophotometer, as previously described [3] . The whole cell fatty acid composition was determined by following the standard protocol of the Microbial Identification System (MIDI; Sherlock version 6.1). The extracts obtained were analyzed by using a GC (HP6890A; Hewlett Packard).
Microscopy
Cell morphology and motility of the organisms were observed under a Zeiss Axio Imager A1 optical microscope. For photography, drops of exponentially growing SW broth cultures were used directly without fixing. Gram stains were prepared following the method of Dussault [20] .
Catalyzed reporter deposition fluorescence in situ hybridization (CARD-FISH) and probe stringency optimization were performed following protocols previously reported [53] .
Results and Discussion
Isolation of new representatives of the genus Salinibacter
The Sal. ruber species, initially discovered and classified as Candidatus, can be regarded as a rare case where the isolation of a pure culture of a representative of a candidate taxon was achieved very shortly after its discovery [45] . However, from the two phylotypes detected by FISH [4] , only the most abundant EHB-1 had been cultured, and it is already represented by a large collection of isolates (e.g. [2, 63] ), whereas the second EHB-2 phylotype has escaped cultivation. However, the MALDI-TOF / 16S rRNA gene sequencing approach [70] Table S1 ). These two isolates were the only members of the EHB-2 phylotype among the 1,613 strains identified as members of Sal. ruber species.
In this current study, the same MALDI-TOF / 16S rRNA tandem gene sequencing approach was applied to two unexplored hypersaline high altitude lakes of the Argentinian Altiplano (Ojo Rojo in Antofalla and Salar de Llullialliaco located at 4,000 and 3,677 m a.s.l., respectively; Table 1 ).
From these samples, 58 strains were isolated that corresponded to 23 Archaea and 35
Bacteria. The bacterial strains formed a single cluster that was closely related but distinct from Figure S1 ) and, unexpectedly, no representative of Sal. ruber could be isolated. Three isolates, AN4 and AN15 T from Antofalla and LL19 from Llullialliaco, were used for further studies. The results indicated that these isolates were members of the same Sal. ruber lineage, but they were affiliated as a distinct branch, with 96.5% -96.8% 16S rRNA gene identity with the type strain M31 T ( Figure 1A , Supplementary Table S1 ). In addition, the strains loosely affiliated with the members of the neighboring genera Salinivenus and Salisaeta with sequence identity values ranging from 91.6% to 92.1% and 87.9% to 88.0%, respectively.
Sal. ruber (Supplementary
Conspicuously, a culture-independent survey from the same samples showed the presence of different lineages of Salinibacter, but none corresponded to the phylotype formed by the three isolates [40] , which indicated that the latter phylotype may not have represented the most
abundant members of the Salinibacteraceae lineage in the samples studied, although it was the only cultivable member of the family obtained under the standard laboratory conditions used.
On the other hand, this phylotype may be characteristic of the South American region, since similar sequences have been retrieved by amplicon sequencing from La Pampa province in central Argentina [18] .
Comparisons between the sequenced genomes of the Rhodothermaeota
The two new representatives of the EHB-2 lineage, ST67 and SP273, three representatives of ) and SP273, were obtained in fewer than 100 contigs. In all cases, the sequencing coverage was over 36-fold, which provided almost complete genome representation [33] . It was only possible to close the genome of strain ST67, which was obtained in a single chromosome of 3. The topology of the different trees, and the sequence identity between the clades were in accordance with the distinct species and genus classification (<98.7% for species and <94.5%
for genus [72] Salinivenus were always below 71%, which was close to the plausible value for discriminating genera using whole genome comparisons [27] , and supporting the classification of the genus Salinivenus [42] . Both parameters decreased in parallel with the evolutionary distance measured by 16S rRNA gene identities, as well as the percentages of shared genes ( Figure 2 ).
Differently to the fast ANI decrease along the evolutionary divergence, AAI decreased linearly with the evolutionary distance and with the percentage of shared genes, in accordance with that already reported as a general trend [27] . In all cases, the ANI values within each single major lineage were in accordance with their consideration as distinct species [24, 57] , and the AAI values correlated strongly with the different classified categories [27] .
Gene content and other features of the sequenced genomes
The core genome between the three genera Salinibacter, Salinivenus and Salisaeta, and the Figure S2) pointing to an open-genome trend [37] . This was not surprising as we had already demonstrated that the Sal. ruber genomes and metabolomes were very diverse [2] . Figures 1 and 4C ). Although the last two strains shared an ANI value >96% that could be an indication of being potentially a single species, their distinct phenotypes [36] justified their maintenance as distinct species. In
these three cases, the core genome of each species ranged between 2,416 and 2,584 genes that would represent between 72% and 84% of their respective genomes. The genome comparison between M31 T and M8 [51] , at the time of its publication, was the closest intraspecific evaluation ever undertaken, and already showed such coexisting strains were significantly different because of unique genes, genomic islands and the plasmid content.
Unique genes within each single strain varied between 148 and 556, which represented between 5% and 17% of each individual genome ( Figure 4 and Supplementary Spreadsheet).
Intergeneric comparisons within the same Salinibacteraceae family (i.e. between the strains of the genera Salinibacter, Salinivenus and Salisaeta) showed that the core genomes ranged between 1,857 and 1,387 ( Figures 4E and 4F ) that would represent >41% of the gene content for each single genome.
Approximately 4,800 of the pan-genome genes (i.e. 53%) were strain-specific, and about 2,300 of them were specific to the most distantly related genomes of Sat. longa (813 genes;
GCA_000419585.1) and Rho. marinus (1,509 genes; CP001807.1). In all cases, the number of non-annotated ORFs or hypothetical proteins was always >50% of the strain-unique genes, and those annotated were mostly related to either mobile elements (such as transposases), viruses or their infection mechanisms (such as integrases or CRISPR associated proteins), plasmids or some different sulfo-, methyl-or glycotransferases (Supplementary Spreadsheet). These types of genes have been observed to be abundant in genomic islands, and related to distinct salinity concentration performances [51] . However, no especially conspicuous metabolism discriminating the different phylotypes based on the gene composition could be observed, and the differences in gene repertoire and sequence divergences between orthologous genes could have been related only to distinct performances of similar metabolisms. For instance, the major phenotypic differences observed between the Argentinian isolates and Sal. ruber were mostly associated with their tolerances to salt, temperature or pH (see below), and could not be attributed to distinct gene content, but rather to distinct expression of orthologous genes.
The Salinibacteraceae family genome collection encoded for a set of 357 specific genes, 39
(11%) of which had been annotated as hypothetical proteins in M31 T ( Figure 5 ; Supplementary Spreadsheet). The remaining family-specific repertoire, which was not present in Rho. marinus, also encoded for certain central metabolisms, such as amino acid metabolism (e.g. glycine,
cysteine, lysine) that could also be related to the osmotic stress response [59] . Other genes were related to carbohydrate metabolism (such as some genes from the pentose phosphate pathway, or from the serine-glyoxylate cycle), or DNA repair systems. Some genes were also found to be related to carotenoid biosynthesis, which were possibly responsible for the pigmentation of their colonies [34, 39] , the cobalt-cadmium-zinc resistance proteins, or an arsenic-driving pump related to arsenic resistance. Actually, arsenic is known to be present in hypersaline environments located in high altitude Argentinian lakes [17, 29, 30, 56] , and Genes for potassium homeostasis and the multi-subunit cation (Na + /H + ) antiporter complex were also found. Some components of the latter, but not the complete operons, were also detected in Sat. longa. In this study, and in the whole family specific genes, different components were also found for choline and betaine uptake and betaine biosynthesis related to the osmotic stress responses, as well as some genes related to the cobalt-cadmium-zinc resistance proteins. Such findings would agree with the lower salinity tolerance of Sat. longa and its unclear origin (Red Sea or Dead Sea [68] ).
When focusing only on Salinibacter genus-specific genes a core set of 317 CDS was found, with 103 of them (33%) being hypothetical proteins ( Figure 5 ; Supplementary Spreadsheet).
The remaining species-specific repertoire encoded mostly for unclear functions that could not be annotated using the SEED database. From the annotated genes, the flagellum synthesis components that appear in accordance with the detected motility of Sal. ruber and the new Argentinian isolates, but not the Salinivenus species [36] or probably Salisaeta, did not have the motility phenotype assessed [68] . However, there were some genes exclusive to Sal. ruber that were related to iron acquisition by hemin transport systems.
The two different phylotypes of Sal. ruber EHB-1 and EHB-2 encoded a small set of 33 (20 hypothetical ORFs; 61%) and 79 (54 hypothetical ORFs; 68%) phylotype-specific genes, respectively. The remaining phylotype-specific repertoire in both cases encoded for either mobile elements (such as transposases), or virus association (such as recombinases). As indicated below, Sal. ruber was also the single group detected encoding for a halorhodopsin [51] and a unique lineage of sensory rhodopsin type I (Supplementary Table S3 , and Supplementary Spreadsheet).
Each single species accounted for a unique species-specific gene repertoire (Figure 4 ;
Supplementary Spreadsheet) consisting of 101 (63 hypothetical ORFs; 63%) genes for Sal.
ruber, 138 (69 hypothetical ORFs; 50%) for the Argentinian strains, and 353 (150 hypothetical ORFs; 43%) for Salinivenus (considering both Salinivenus species as one single species). The annotated species-specific repertoire did not encode for any conspicuous functional genes or pathways. Only an apparent high number of orthologous genes related to histidine kinases and transferases (especially glycosyltransferases) was remarkable for each individual species. As mentioned above, these results indicated that the divergence between the different species A C C E P T E D M A N U S C R I P T studied was mainly due to the evolution of orthologous genes that will ultimately produce different metabolic performances. Gene acquisition and/or gene loss did not seem to be important as responsible for the distinct ecological capabilities. Consistent with these findings, the pan-genome of the genus was predominately comprised of hypothetical and mobile genes (e.g. >70% of the total genes when the core genes were removed from the analysis).
Genome synteny
The synteny of the gene order along the chromosomes decreased with the evolutionary distance ( Figure 6 ), which was similar to that observed for the genomic architecture of
Campylobacter [22] . When taking M31 T as a reference, a sharp decrease in the percentages of the conservation order with the evolutionary distance could be observed ( Figure 6 ;
Supplementary Table S4) . EHB-1 phylotypes conserved 87.3% of the gene order, as already observed [51] , and this was similar between phylotypes 84%. The synteny decreased to 14.7% of the gene order conservation with the Argentinian isolates, but it was already possible to observe some large genome rearrangements showing at least two relevant inversions ( Figure   6 ). Synteny between both genera Salinibacter and Salinivenus still showed a conserved gene order (3.5%), but it disappeared completely when taking into account the least related genus Salisaeta (only 0.53%).
Sal. ruber EHB-2 strain ST67 closed genome
The EHB-2 strain ST67 genome was fully closed and showed two plasmids: ST67-pSR1 with a size of 178 kb encoding 128 CDS, and ST67-pSR2 with a size of 91 kb encoding 69 CDS with GC% values of 60.1% and 60.4%, respectively, which were lower than the chromosome (66%).
Sal. ruber M8 and M31
T had 4 and 1 plasmids, respectively, with a GC% ranging between 59
and 63%, also with lower GC% [51] . The sequencing depth of the chromosome was 30X and close to 60X for the plasmids, suggesting that the plasmids were present in two copies each. In plasmid ST67-pSR1, 28% of the proteins were hypothetical, whereas they were 46% in plasmid In addition, ST67 had three genomic islands not present in any of the studied genomes (Supplementary Tables S5, S6 , and Supplementary Figure S4) , two of them encoding for >60
CDS, and the third only for 8 CDS. The gene annotation of the major categories showed the presence of genes related to mobile elements, such as phage genes and transposases. ST67-HVR1 encoded for glycosyltransferase and sulfotransferase genes, which was similar to that
occurring in M8 that discriminated and conferred a different phenotype from M31 T [51] .
Conspicuously, ST67-HVR2 encoded for a type VI secretion system (T6SS) that had often been previously observed in Proteobacteria and was hypothesized to originate from lateral gene transfer [10] . The 11 genes encoding for the T6SS had their closest syntenic structure in the Rhodothermaceae strain RA (Supplementary Figure S5 [23] ). This contact-dependent armament against other bacteria or eukaryotes has also been found in neighboring phylum members of gut Bacteroidetes with three genetic architectures, two of which appear encoded as conjugative elements [12, 15] . However, in ST67, the system observed was chromosomally encoded and the closest similar relative T6SS annotated was in strain RA, which was a Rhodothermaeota strain isolated from a Malaysian hot spring very loosely affiliated with the Salinibacteraceae [23] . However, only these two genomes (Sal. ruber ST67 and
Rhodothermaceae strain RA) exhibited this T6SS within the Rhodothermaeota, although the relatively high similarity between both may respond to a phylum-specific system. Most of the T6SS effectors seem to target Gram-negative bacteria, but this may be because they have been studied and found mostly in Proteobacteria [10, 19] . However, the recent finding of this system in Bacteroidetes, and especially among co-occurring gut Bacteroidales, indicates that it would be an effective antagonistic system against common competitors or predators [12] .
Similarly, such a system in ST67 would help in antagonizing other members of the same brine community that could compete or even predate it, conferring an ecological advantage towards other coexisting Salinibacter members. To our knowledge this is the first report of a T6SS in
Rhodothermaeota.
Special features
Relevant features were searched for in the genomes, and one of the most conspicuous genes detected in the first genome sequencing was the presence of different types of rhodopsins [39] , especially xanthorhodopsin [5] . As we have already shown, not all Sal. ruber isolates contained the same rhodopsin dosage [52] . In this current study, it was observed (Table S3 and Figure   S6 ) that only the very characteristic xanthorhodopsin [5] was universally present in the complete family with a genealogy in accordance with that of the housekeeping genes. However, halorhodopsins still seemed to be exclusive to some members of Sal. ruber EHB-1 [51, 52] , whereas sensory rhodopsins were exclusive to the genus Salinibacter (Table S3 and Figure   S6 ). One divergent lineage of the sensory rhodopsin I was exclusive to this EHB-1 phylotype.
The two isolates of the second phylotype of Sal. ruber differed in their rhodopsin gene content.
ST67 only encoded for xanthorhodopsin and one sensory rhodopsin type I, and SP273, in addition to xanthorhodopsin, encoded for three divergent paralogous sensory type I rhodopsins.
The three Argentinian strains encoded for one sensory rhodopsin and one xanthorhodopsin. Salinibacter strains, and their genealogies also mirrored the genome genealogies, indicating they could be horizontally acquired in distinct speciation stages of the members of the genus.
[49].
A previous phylogenomic study identified the presence of 40 genes in the genome of Sal. ruber M8 that were likely to be involved in lateral gene transfer events between Archaea and Bacteria [50] . In a previous study [49] , we screened 92 Sal. ruber EHB-1 strains and detected the presence of most of these putative LGT genes (from 25 to 40) in each strain. A principal component analysis based on presence/absence of these genes showed a distribution of strains related to their origin of isolation, which could have a similar history of gene transfer from Archaea carried in the genomes of geographically related strains [49] . In this current study, the presence of these genes was analyzed (Supplementary Table S7 and Supplementary Figure   S7 ) and it was found that the presence/absence pattern strongly supported the three genera classification proposed here.
Finally, the presence of the CRISPR-Cas system was investigated since it was described originally in the halophilic archaeon Haloferax mediterranei [38] that has been recognized as an extremely relevant immunity system for prokaryotes [35] . All genomes studied here, except those of Sal. ruber EHB-1 strains M31
T , M8 and EHB-2 strain ST67, encoded for CRISPR-Cas systems (Table 3 and Supplementary Figure S3) . The three strains of Sal. altiplanensis and the two members of Salinivenus, Sat. longa and Rho. marinus, had a homologous CRISPR-Cas system that could be classified as Type I-E [35] from the Cas1 genealogy (Supplementary Figure S3) . The Argentinian strains, both Salinivenus species, Salisaeta and Rhodothermus, encoded for the Type I-E system, Sal. ruber SP273 for a Type I-B system, and Slv. iranica encoded in addition a second operon related to a Type I-C system. Actually, and very conspicuously, this genealogy mirrored the expectation for a vertical heritage, which would be the only parsimonious explanation given the large distance between their geographic origins (South American Altiplano for Sal. altiplanensis, Iranian salt lake for Salinivenus, and Malaysia for Rho. marinus), and would presumably act as a barrier to gene exchange. Conspicuously, Slv. iranica, which coexisted with Slv. lutea [36] , encoded for a unique Type 1-C system. On the other hand, the single isolate of Sal. ruber encoding for CRISPR-Cas was SP273
(Supplementary Figure S3) , and it encoded for a totally different operon, not found in any other Salinibacteraceae genome, which, according to the Cas1 genealogy, could be classified as Type I-B [35] .
Altogether, at least 28 different spacer types could be detected and each organism exhibited between one to four different spacer regions. None of these spacers matched with viruses isolated from Sal. ruber [69] , nor mapped to the different metaviromes currently generated in the laboratory (data not shown). However, the involvement of CRISPR-spacers in S. ruber
resistance to virus has been shown recently [69] . Interestingly, they were all different, except for two shared by the Argentinian strains LL19 and AN4 (Table 3) . Both strains had been isolated from the Argentinian Altiplano, but from distinct hydrographical basins separated only by approximately 60 km. The fact that they shared two identical spacers may be evidence of having been infected by similar viruses. Thus, either both strains shared an ecosystem or the viruses that infected them. The dispersal mechanisms of halophiles in such high mountain hypersaline lakes are unknown, but microorganisms could have migrated along the short distance either through aerial dispersion by wind flow [26] or simply by the colonization of suitable hypersaline animal environments, such as bird salt nostrils [11] , or by mechanical transport attached to feathers of common migratory inhabitants, such as flamingos [16] .
Taxonomic characterization of the new isolates
Since the genomic analyses showed that the new Argentinian isolates could be classified as members of a new species of Salinibacter, strain AN15 T was designated as the type strain proposed as Salinibacter altiplanensis sp. nov. (Table 4 ). The phenotypic characterization was carried out in accordance with the known metabolic profiles [3, 36] . Table 1 and Supplementary   Table S8 show the phenotypic profiles of all representative type strains of the genus Salinibacter and Salinivenus. From the main characteristics, the Argentinian strains could be considered as members of the genus Salinibacter, and the most prominent diagnostic characters were that they were extremely halophilic bacteria with optimum growth at 25% salinity (5% higher than Sal. ruber), Gram-negative forming red colonies on SW agar medium approximately 0.8 mm in diameter after three weeks growth. The cells were curved rods, motile, with a smaller cell size (3.2 -4 μm in length), lower growth temperature optimum (30 ºC) and pH optimum (7.5) than the neighboring species Sal. ruber. Their genome size ranged from 3.58 Table S9) were not particularly discriminative, with C15:0 iso, C15:0 anteiso, C16:0, C17:0 iso 3-OH and C18:1 ω7c being the most relevant. Only C15:0 iso appeared slightly below the percentages determined for Sal. ruber strains, but the overall profiles were very similar among all Salinibacter strains, and in accordance with the genus description [36] . In addition, the biomass showed a maximum absorption of pigments at 481 nm. (Table 4) , which represents information extracted from Digital Protologue Taxonumber TA00140. * Genome sequences generated in this study Table 3 : CRISPR spacers found in the different genomes sequenced. Note that the pair of spacers LL19_3 and AN4_2 (dark grey shaded), and LL19_4 and AN4_2 (light grey shaded) were identical.
A C C E P T E D M A N U S C R I P T 
